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PROBLEM TO BE SOLVED: To obtain a steel plate having superfine grains and excellent 
in a balance between strength and spreading workability as well as in a balance 
between strength and elongation by providing a specific composition and a 
prescribed structure, regulating the grain size of ferrite and that of a second 
phase to respectively specified values, providing the second phase with a 
prescribed structure, and regulating a prescribed deformation energy to a specific 
value . 

SOLUTION: . This steel plate has a composition consisting of, by weight, 0.01-0.3% C^_ 
5£2.0% Si^ ^3.0% Mn. ^0.5% P, 0.03-0.3% Ti^ ^0.1% Al^ and the balance Fe with 
inevitable impurities and also has a structure containing ferrite as a principal 
phase and consisting of the principal phase and a secondary phase. The average 
grain size of ferrite is <3 urn and that of the second phase is ^5 urn, and further, 
the second phase has a structure which contains martensite in an amount of 80-95% 
as a proportion (volume ratio) to the whole of the second phase and has the balance 
consisting of one or plural kinds among bainite, pearlite, and retained austenite . 
Moreover, the deformation energy per unit volume at 1000/s strain rate is regulated 
to ^60 MJ/m3. 
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C, Si. Ifaft&ffiBU St 
tP : 0.5 %JMT. Ti : 0.03-O.3 %£-££U ifflT' 

Skg**5/xB KIT. S52ffi**»2ffl^ftKi«-Slfc* 
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C: 0.01-0.3%, Si:2.0%OT, 
Mn:3.0%JilT, P : 0.5 %ttT. 

Ti : 0.03-0.3 %, Al : 0.10%JjlT 

b£±fflk U ±ffliJf?2*Bt*>£>ftl>ffl 
«*1T**fSiEfWKT*r>T. fWE7x?>f KDf« 

«E»2ffl**as2ffl^*tc«tsiw (fM**) m 10 

fyt^ h£80~95%£*, SSP*^ ?M K 
4 K W-xft^ hiO'5*>^l8t3t{±2aJ3Lh 
frMrO. iBSKlOOO/sKfiJtiJIlfflWcBiafcO^C 
»x*;^-*«60MJ/B»jaji"Pft 4 £ i: Srlffiit 

TIBA-CPct) d*>coim tdi 2 WfeLLfc*** £ i 
t £*$$tk-f 1 !CIBtt(Oifff»ttCfth.«jBtt 

MttflHEMK. 

IS 20 
A» : Nb : 0.3 V : 0.3 %iaT*^Stf<13t 1 

Bf¥ : Cu : 1.0 %ITF, Mo : 0. 1 %WT, Ni : 1.0 %VJ 
T, Cr : 1.0 %filT!!pfea!tr<ut l«4fc«2«KLh 
Cfflf: Ca, REM , B<Od *><0 l8*)tti 28JiLh2r-&tt 
TO. 005 %WT 

[00 0 1] 

im<omtt>&mmi *mn. smm. mm 
m. mmmm. mmfmnmtzmixim*im 30 
mmzm. t < ^mm^m^zji-mmuz^ 
izsktitimmvmm^ t>tit awaw>*# t txnm 

[0002] 

imeomn mm. mm. mmmm. mmm 
mzm^^ti&mwtzn. aunt, wtttv^fc 

miht, si, Mn, p%t'w®mfc7mzw>\iitz 40 

fcLfc«£ffl«S (DP (Dual Phase) ) J, SO 

ttchtzfr. ^xYT-vnm<hb^z. wm<rm 
«jaf mz%h zt.%2 mmvmswtitoim 50 
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[0 003] S^jSHCfcVvCJi, 

h k fttHEtttt* Pi£T# iSSR^JWE^BBUlcaff** 

o%ztfrt>. m.t. tttmnim* tuxmm 
mm®zmmiimzfo±.ziti<jmtfh r ) , 

[0004] ffiitSiWftiJH^&k LTli, *ffiTE® 
TESffifc-PWCtt. #WBS58-123823 ^ 

$g, m& L 5-(556i^&mizKmtL&&mi s $>z>. z 
1-4 hmzjzETZMi. r-*ammm&®&*& 

«KB31*T* 1 0 O£ET*S:40%lJU: 

tt^^k*, -SW^*>y NX h 'J •yTS/l'TttHEL 

[0005]-*, ®\wmm. %\mi$3ffi&mmLK 
ztih<nmmt. Nb, ri<nffi$mMtmzmftLx-fflgt 

ItftZmZbtUz, Nb, TitfZ%lZ>*-AT-M h 

tkmte&wmmzmm Lxm&i±±.smmi , * 
sfeM*-xf+-( vm^nr^ammmiz 
x^xyxyj h&g> B mfflmiti-&h<vx'hh. l*> 
l, i*i^o«n8Ttt. mffimmmxmxz^t 

mt'X'ii. mmfti&i>jm<ttttfi<rm&m 
izzixmt&fztb. mn&ojtz^fflmx'it. mm* 

ttz. mmmzm^r^^mmx-. mm^mxm 

wmt itzimtfm. t ix±< wx&^&tfb h . 
[ 0 0 0 6 ] ± tz. #ra¥2-3oi54o^$Bc(i, mm 

1 4,115**7x74 VfrbKZWmmtLX 
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[00 11] 



[ 0 0 0 7 3 4 £ . ftjfiTIi . imESiwW*-* Tt I XfWK & t J: 3 1 1 h HI® 1 L'*» L&# 4> . 1f BUT 

4 hfifc1KCIMIlHfcLTE«Ltt^lSJte S ^CfU 9-87798 #4«B, #^¥9-143570^$S. «Hm<HJ13 

IW9-87798 #&*L 1«B 3 F9-143570^A«. #H8¥10 Hfc t«tM* { , f*&h.4figUt-£Vvtfv>3.6 //m g 

-8138 #^«t:E»SitT^4. WBHP9-87798 ^ffi flE4T*^fc. 4fc» £it&coa*«:JBvvcij3i$*ifc 

fcfct, Mn : 1.0 -2.5 wt%, Ti : 0.05-0.30wt%. hh MUXte. 3SK*JJ:^BttJil6|±'f 

WiTi : O.OS-O.SOwt^fcitm) : 0.30wt%OT£3* fflSa^JOlttfc ^3 WfflWMttt^Stt 

i-* x 5 t"£95o -lioox^iSSfcMftL. uust io < , ®&-mf'<yyztf&td+fttitmii s . 

frofcft, 20*C/s JaJtfHfrfflafltCfcfflU 350 -55 [ 0 0 l 2 3 SB##j^4«fc*£Lfc*£*:t*LB 

0 XTTftSW 1 ) . ¥*WS»BS10jui rf^/I/ ^ftSiSffSffiis Sjgfttfl -10« ( s-> ) 

7x7^ h75«mJSJhfc . JMW-x-f ivf h 5-20 ^KSaST'l^Lfc^Oi&lRx*/^ 

[0008] WIIT9-143570#&MCli, Ti : 0.05-0. £K#fctt£»)#arV WC*S. ft0m<M95 

3 wt%. Nb : 0.10wt%JJlTOd*><OlStfc{i28^ 588 ^^8CBttSfifca»-Cli. iWftHMi£:ff oTfc 
Wt6iB£950 -ll<XTC<6&g£MfeL. l/«SfcD 20 9. «»S*ifc»3tfj«llKi. ft*^*. f^tt^W 

OET** i '20%W±h^l.E®^^<fc4>2lHim±ff WWttlirtLhLTV**. L*»L. SttlWStlTV^ 

K tt±JEBmK^Ar3^SiiJyj:fc^l,J:9fc^flE SIWSMftaftiXtt. «ftWttV^»ft*»^li» 4 

EL. An^ffi.^-750 °C5r20''C/s JiUiO&SHUrc «+»i:tt*£i*, 3l«-J^WJllXtt^5>'X, 3£g 

ftSL. 750 'C*iS-600 •CcOSS^HT-5 -20sec ffl -mfXJVXifi±t£XWtTb'>t:. 
mZittlCD-h. MX/20V/S VXtVftmXX'550 'C [0013] *ffcBJJi. JblEL;fc«*8«tf>|5Ki£*fiJ 

WT<0«K4"?H>9L. 550 mFcOiUrcfc&K 1 ), (cl«i*L. »»4£#L, fflffStttcfth, SfeKBl 

7i5-f N80f*«%JjUiT'¥%7x5W MMIlOjui * «-(W^7^, SME-JySBf JnittA^V^Ctft 

^SflT^S. [00 143 

[0009] ftHimO-8138 #^BtUls Mn : 1.0 wt% 30 [Mtj|RIW'*fctta¥IS] iifiLfc 

HT. Ti :0.05-0.30wt%. *SU±Ti*>£»4fclil WMZmfct^K. MWB0m9m0>ffit<r>3&WZ^ 

liocrcoafttiifl* l . 1 / txsfc 9 coj±Tmtf2o%a 00/ s c # »t & 0 osgBx*^- 

^ArasaBuso-xht^s^JBifrftLfca^ 2o-c/s m<vmmm±vm/sttTX'fo<o. Ltp^varnvmit 

JeUbOJWnaMtCJfffllL, 350 -550 'CT'^i<$9. 7 Hfc/LifjMHtCO.l UlTT*Sifc3&^, SKWOWff 

^t&imx&MMmcommjimtfm^ztix v . K^§fc*35^*/Mf-##aH;:sgi: . ** 

[00 1 03 4^. gj£T'«±. ilft$ffliB«t BM^Ji. $t*c»B8*3iftfclS*. SiS«1000/s 

<7)J;o^S*{c^L. mm. «BBT10-195588 #4^8 «Mi3&»fe-h»*BiWtt^LTV^i:^dlS»*» 

Cli, wt%T\ C : 0.02-0.2 %, Si : 0.1 -1.5 %, fc. 

Mn : 0.5 -3.0 %. S : 0.010 %OT££v^ P : 0.03 [00 1 53 *«BH#6J±. ±IELfcttflt»^V^T. 

-0.15%. Cr : 0.1 -2.0 %. Mo : 0.1 -1.0 %A»A>a SaSlOOO/sT'. SM40.1 4ffc« J ?»S<lS^X 

tfiufe 1 «4fctt 2 Wa±***L. S^iFefe J:tPF ^^-i . HfeSfflffiffliSiCOW^S-i^L^. XMMfi 

^TjiW^W^^O. T^ftglO/zi mTc07i5-f cOffl^t LT. 7x5^ KO¥^IS*Kg. SI2fflc7)¥ 

hffl*>'80-97%^ A*. Mli¥«*>'7 x y-i h¥ %ltA&S. ^2ffl+cov/Ur>- , f -f 

%fiffi<O0.2 -1.5 «r*&"?/kf V-t-f bZUfct? V. SJfi, »Ji*ft*3Kfl:Li<i4>5H*ffiK*«lIt: 
6»2«*»fe=Sr&)S»ttkW«5a*ttfc»i4}!Miai5l 50 SftLfc. saKlOOO/sf, KSfiO.l 4T'lc*^? 
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it* JE»x*/^- Hztsi &tm 2 ffi W^&IM&Stf) 

[0016] S2ffl«M?: 5 aci 

4fc. i<0S2ffl<VFi«SfiKg^a 
mftC J: *3BBx*/Wf-«JWnH:. ±fflT*4 7 x 5 
-f h«f«tg^ 3 /xm*}Ht *6 £ fc J; 9 5 6 

tWTi:**. 4fc, 7x5>f KVF*WSftea*3// 
■ U *2ffi£v/l^yiM r-80flcjf% (®2ffl 

JE-'-^WMJ/m 3 STiUirrs. 3 * 
«»& 4> It , 7x7^h MMSJIIKa * 3 ^ ■ *SI fc 

*) J3Ub* : frr**2ffii:-tSii:t:J: 0. ££LT60 

[0017] jjELfcajwcafcjvvc. $ & 

(i. SM%T\ C : 0.01-0.3 %. Si : 2.0 XI31T, M 
n : 3.0 %&TF, P : 0.5 %£TF\ Ti : 0.03-0.3 %. A 
1 :0.10%glT£-frA, mBtfie&iWf^mVMll 

4 h WW 3 jlc m5tet . mien 2 ffl<VF%fiS** 
5jum KIT. fTiEff^ffi#aS2ffi^£*tt-4JW (ffl 
ffi£) tV^fVt-f h5:80~95%#^.. JKittK-'f*- 

tdi 2 mXtfrhtc D . MJIJS1000/ s fctJ»t&#ffift 
>)cO^»x^;l/^-^60MJ/m3J^±T"J)S^ fc £ 

[ 0 0 1 83 WWTU, fifiEfflJfc!)*. *i% 
T\ C : 0.01-0.3 %, Si : 2.0 %UIT\ Mn : 3.0 
T. P : 0.5 Ti : 0.03-0.3 Al : 0.10%Ul 

T***» AP: Nb :0.3 XfiTr\ V :0.3 % 

J: tf* i]iWmft*><»4 5 flj&fc -r I. <0##4 L v ». 

*jwr«i, iweffljsa 1 . ns%x\ c : o.oi~ 

0.3 % % Si : 2.0 %kTr\ Mn : 3.0 %VXf \ P : 0.5 % 
WT, Ti : 0.03— 0.3 %, Al : 0.10%WTS:*». 
fc. BP : Cu : 1.0 %iTr\ Mo : 1.0 %IilT\ Ni : 1.0 
%WT, Cr : 1.0 %OT*^«tfftfc 1 84fci22«fel 

[0 0 1 9] 4fc. KCtilftAt. M% 

T. C : 0.01-0.3 %, Si : 2.0 %&Tf. Mn : 3.0 %Ul 
T. P : 0.5 %W~f\ Ti : 0.03-0.3 %, Al : 0.10%fci 
T££v^ CP: Ca. REM , BOo 1 84 

fc{±2»2U:££flT0.005 %WT£Hr*U SffitfFe 
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[ 0 0 2 0 J 4fc. *JfcWTW:. mffifflj£^\ M*% 
T\ C : 0.01-0.3 %, Si : 2.0 %JJTr\ Mn : 3.0 %W 
T. P : 0.5 %Un\ Ti : 0.03-0.3 %, Al : 0.10%W 
Tfc£*. $ £>C. Ap : Nb : 0.3 %«T- V : 0.3 % 
WT*^S(fit^ia4fc(i2a. BP : Cu : 1.0 %Jil 
T. Mo : 1.0 %iXf. Ni : 1.0 %WT. Cr : 1.0 %felT 
frt>Wlttltzim&M$2WXk. &it*l> 38»*«Fe 

10 V\ 

[ 0 0 2 1 ] mm&LtiK fifi% 

T, C : 0.01-0.3 %, Si : 2.0 Mn : 3.0 

Ts P : 0.5 %&T. Ti : 0.03-0.3 %, Al : 0.10%!^ 
Ti$fr. $ fcfc, AP : Nb : 0.3 V : 0.3 % 

iaT*>6«tf*lfcl«*fc«2«. CP:Ca, REM . B 
<0 3 ^.0 1 94^1 2 WSUi^ffTO. 005 %WT. # 

[0 022] 4fc, *«HBTtt. ffEfflfifca^ SM% 
20 t, C : 0.01-0.3 Si : 2.0 Mn : 3.0 %&. 

T, P : 0.5 %WT. Ti : 0.03-0.3 %. Al : 0.10%& 
TSr-tA. S ^>(C, BP : Cu : 1.0 Mo : 1.0 % 

1ST, Ni : 1.0 %JilT. Cr : 1.0 KHTfr6SI£tl£ 1 
ffi4)t{i2atUis CP:Ca, REM N Bc03*>C01«4 
3fett2WSLJtt-dttT0.005 %ttT. ^*L. ggffitfFe 

[ o o 2 3 ] 4*;. tsnaaj***. ss% 

T. C : 0.01-0.3 Si : 2.0 Mn : 3.0 

30 T. P : 0.5 Ti : 0.03-0.3 %. Al : 0.10%$ 

T5r#^, §^>fc, AP:Nb:0.3 %ttT. V:0.3% 
OT* i <3SHit^l»4^«±2a. BP : Cu : 1.0 
Ts Mo : 1.0 %tlT. Ni : 1.0 %JilT. Cr : 1.0 %fe!T 
*»6atfilfcl843tli2«JjU:. CP:Ca, REM . B 
CO o %<T> 1 S4 fctt 2 8Jyj:££ffeo. 005 Sr 

•$h<rytm$. L\>\ 
[0024] 

40 l . sasiooo/ s tfett o tf«c«x* 

;^-^'60MJ/m3W±T'J>S»®ffl«T'J>i. . 35»X* 
/WP-*«60MJ/B»*»lTtt, »«^tt*>'ffi< . @K*cO 

[ 0 0 2 5 ] 4-f . *%HJc0^g««£0-f^fflj£cOlSg 

C : 0.01-0.3 %. 

C#W** 5 0.01%*«T1±, 
50 3m *j»*r3a*T^fc<$:.&. 4fe. C#***i0.3 
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■fh. Zcr>fztb. CJ20.01-0.3 %<7)mmt-f&, £*) 
if* L<{i. 0.05-0.2 %<r>mwx$>$>. 

[00 2 6] Si : 2.0 %&TF 

££^£•£4,, SKJ2.0 %&Tft4. & 

i>, »*L<(±0.1 -1.0 %X'hh, 
[00 2 7] Mn: 3.0 %VXT 

4>, Mn{i3.0 %WTft4. =Sr*i, J:9*?£L<J20.05 
%fcLL, £4fc*?£L<(20.5 -2.0 %?*4. 
[0028] P : 0. 5 %ttT 

>£ffl&ffiM(i3Xb;Si:&4,rfci£> , 9, 
#£L<f20.001 -0.2 %, J: 9i?£L< 120.005 ~0. 
2 %X'hh. 

[00 29] Ti : 0.03-0.3 % 
Tiii. TiC t LT^SLT, ^raE®JP^S©T'Ol!J«8 

fc, TiC fcLTffitfr*4\:i:fc:J: l 3±ffl'e*47x5>f 

?&. Z<7)£o%ftm&fmZik&t:MZi^ >J>%<k 
t0.03%Ja±<O**36««fiSI'P»4* t . 0.3 fcfcJHiT* 

ZCOtzfr. TitJO. 03-0. 3%commt 1~4. & 
13, J:9#*L<{±, 0.05-0.20%f S>4. 

[00 3 0] Al : 0.10%UT 
AU4. JRI»fli:LT«sfflU 0.109gl3LTKR5&r4. * 
BWrasu Ti£Jt*W£*fcaanrt4fc*. *<oi« 
fcWJBLTSlBflL Al-Sia^WK, Sl-TiiBRfc-r* 
ii:fc?*i. J: 5 Alsan»i«2M-* 
£ 4#, O.W)5%13±b+h0>m* U\ 

[ 0 0 3 1 3 AS : Nb : 0.3 %WF. V : 0.3 %&.Tfr 

t>mi,mtzim&fdi2n 
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^h^mmm^maEiz-miiz^m'th, w»u o. 
&oM%t>mm'W\ z<7)tz^>. Nb, vfct,o.3 % 

[0032] B» : Cu : 1.0 %WT. Mo : 1.0 %WT, 
Ni : 1.0 %JTF, Cr : 1.0 *OT*»<b*ttlfcl«4fc 

Cu, Mo, Ni, Crti, Vv^fikSfrffcjfcfrfcLT. £S££ 
t, •£fi-t4.Ifc#-T£4#, 0*<?>t*{i3&»i-5T5fi 
10 a-JEtt/^?^**^**. d<Ofc«). Cu, Mo, N 
i, Crti, VvfftU.O %iaTfc't4^* { a*L^, * 

< t fc0.01XJJLt**S-fr6<O*<»* U\ 
[0 0 3 3] CM: Ca, REM , B<?)0 *>0) 1 8t£ fctt2 
«fcLL££lt-C0.005 %«T 

ca, rem , B(i, ^-rti^im^Bmm^L^m. 

^±#£ffltflnitt£&#^4$S£WLTfcD, ^ 

ti, »#S^Bfe B Btt(c^S^&a't-S&h.^S)47t 
20 -^ltT'0.005 %WTt-f-4^a*L,V^ 

[0034] *^Of®«9«i{i, JJBbJtttJSUW. 

LTti, S : 0.003 %tlT, N : 0.005 %UITH : 

$T-^4„ sii, Mns mnft&m-ft&m&BtfLi. Stt 

Sr<ST?-tt4^a6, T'#4^'WS«-r40*<ai 
f)K IKffttcO«^*»fel40.0Q3 %*Tl i F«-C^4. 
fc, #£L< 120.002 %\XYX'hh, 
[0035] *»!^ja«S<oait:ov^ 
mm 4 . *^sHco|ftS#!«^ffl^{i , 7i7^Ji 
30 ffifcU ±ffli:»2«*>fe«4aiR-Cft*. ±ffi07x 

//m JilTfc-t4. 7i5'f htf^p^S^3^B tLht* 

[003 6] it, «2«<W^ttS* t 5ju» 
£fct&kkUz, gft, «ttOi*i±3&y«5rv^ -TO*: 
40 SMKC« (i , m 2 ffl(± , -7)Vr Y£±k 

ti, v^r^f h^, m2$&mzMt&m am 

$) T"80~95%*t*l4. ^2ffi4'0-7;l'T>'- , f^ h* 5 
80#«%*«T(i, KsaBrro35ex*/l' ! ¥-3& t fiT 
tiBmS1t* { ffiT-r4 . g2ffl+<ovykf^ 

h* { 95*m%Sr^ii. lit, TS -ftffitf^ VX^fc 
t4. i<Ofc«>, ffi2ffl+«-7^r>"9-'f h^ifi, * 
2ffi^*t«t4Jt* •C'80-95%WHHtRB 
50 5EU:„ 
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[0037] VJUTyW hJJWO*2ffl<!0a»Ji> < 

[0038] jje Lfzmmwmam immz. 

<AE«*«fc«MOE*it UMBWKi: . £fi3E£ 
»i:L"Cfc, «3Wa^*» hf-v- S>a-y V^fcL 

•ctiv\ ttz. mzyT&mmmcoxo*. mm 
[0039] ±ia Ltzw&nmmmzMSiKmzmt 

SM B a B ffiSi?§T'^& < fc t, 5 > tt£Litf« 0 £ LET2: 

ztizx*). *-xt+4 \-wm3Mtis*.h. itmm 
[ o o 4 o ] tti. mmte&i&j&MwKTmz. m 

94-20%, Jf4L<lim*«kn^a4L^. 
1 ;n°x ifc 0 «FPW4 »WSiS B B B * { 4i 
t&W l^x3fc90JEET*fi«2(>%fcJB;l4 

£0&fc*>« ET*13~30%ktl>O#iif£U>. JET 

TEsmffia^-rs. 
[0041] *»fl?v^»wstta*iisii, 

mm rjiDl7*-vx^.-j ) KiO, EJBfefrSri'S 

tot -fa. n»¥H»Aflicu. graft, so 

ffiAK. ET*. ETEiHPt^ft'tS**. 850 -1100 
XtfMMOairt-C, M&250 -100 T>*>ltC#fc*4i: 

[0042] ffliMft^a^ti. 
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